Investigating the expression of sodium channels in retinal ganglion cells by Mooney, Bailey
Genetics, Development, and Cell Biology
Investigating the expression of sodium channels in retinal ganglion cells
Acknowledgements: Abbie Burney
Introduction:
Recent studies estimate that there are at least 30 different types of retinal
ganglion cells (RGCs) in the mouse eye. Since these cells connect the eye with
the brain, they are important for many functions related to vision. In addition,
these are the cells that die in cases of glaucoma, the second leading cause of
blindness. Even though the 30 types have been observed, the genetics of each
type is largely unknown. This includes those genes that distinguish one type
from another. The goal of our project is to begin to characterize the
differences between these cells on a genetic level. We currently use a mouse
lines which has been engineered to express red fluorescent protein in a subset
of RGCs . Previously, we isolated a number of these red cells from the mouse
retina and identified sets of genes that were being expressed in each cell. This
mouse line, which labels approximately 8 different types of RGCs allowed us to
make predictions as to which genes mark RGC subsets. However, since the
number of cells analyzed by this method was small, larger scale validations
need to be performed. Our objective is to take genes that were identified in
this initial screen and analyze their expression in retinal ganglion cells in much
more detail.
Single Cell Isolation: 
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In Situ Hybridization:
This schematic shows the effects of glaucoma. In the retina, ganglion cells are
among the sensory neurons which process light, but this population is also
important since they are the only connection between the retina and the
brain. RGCs send their axons to the visual areas of the brain, where the signal
can be processed and relayed to image forming and reflex centers. In patients
with glaucoma, the ganglion cells die, interrupting the communication
between the retina and the brain and ultimately, causing blindness.
RCG Isolation Heatmap:
Quality cDNA from each cell was hybridized to Affymetrix microarray chips.
We can compare the transcriptomes of our Tomato cells to those of
developing RGCs and recognize some overlap of expressed genes. Synuclein
gamma (Sncg) and Parvalbumin (Pvalb) serve as positive controls here. The
genes that I focused on were sodium channel subunits, based on their
expression patterns among subsets of the Tomato cells.
The Parvalbumin-cre mouse was crossed with a floxed Td-tomato mouse to
create offspring that show red fluorescence driven by the parvalbumin
promoter. Parvalbumin is expressed by a subset of RGCs, so only a small
population of these cells will express the red fluorescence . To isolate single
cells, whole retinas were dissected and dissociated with papain. Individual
RGCs are picked based on their expression of red fluorescence and prepared
for transcriptome analysis. After library construction using a PCR based
amplification, cDNA smears were analyzed for quality on an agarose gel. A
good library is typically between 300bp-1Kb.
This is a flowchart of the in situ hybridization protocol.
The heatmap showed expression of these sodium channels in a select few of
the Tomato cells, so we utilized in situ hybridization to ensure the expression
of these genes is localized to the ganglion cell layer. Sncg is our control probe
and is clearly expressed in all RGCs, while Scn4b is a subset marker gene found
in our lab previously. Scn1a and Scn2b show expression in a large amount of
RGCs. Scn3b may show expression in some of the RGCs, though we will need
to investigate it further. Scn3a shows no expression in any of the RGCs which
is interesting as it appeared in many of our cells through microarray.
Conclusions:  
● I designed, cloned, and synthesized RNA probes
● We performed in situ hybridizations
● Scn1a and Scn2b showed expression in larger subsets of RGCs than Scn4b, but 
not as much expression as Sncg
● Scn3a and Scn3b show no expression in any subset of RGCs 
Normal optic nerve Early Glaucoma Late Glaucoma
http://lceyes.com/glaucoma/
http://www.efei.com/glaucoma/
